Practical Applications of the METRIC Evapotranspiration
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Negotiations — Legal Finding of Fact

Administering Water Rights Nineteenth-century observers from John Wesley Powell to Mark Twain warned that water in the west is a
e [ : imited and tenuous resource. Those observations are even more compelling at the beginning of the 21st
century. The pressures on western water are increasing with a changing climate, an increasing population,
and a growing body of environmental regulation. Water-resource agencies in western states are attempting to
meet these pressures with new tools, one of which is an energy-balance evapotranspiration model, METRIC.
The METRIC model uses data from weather stations and Landsat to compute and map evapotranspiration in
mEmnmTTane i | great detail over large spatial extents. Eleven western states have developed applications based on
evapotranspiration data put out by METRIC. In Idaho, these applications include 1) developing water budgets
K o s e an et sorepten en: s e s for hydrologic modeling, 2) assessment of injury in administering agricultural water-rights, 3) irrigation needs
o e ot o eomt oo 1t for endangered species protection, 4) analysis of ET by land-use/land-cover type for planning,

date. Whena

fs i e i o o b rs 5) water-rights negotiations, and 6) monitoring agricultural pumpage. METRIC results have been used in legal

f'n":i'emfi“n"ofafl"‘isg"emhiéfe"vmm"gm"mﬁ "sw | proceedings and are now part of adjudicated decisions. Perhaps the most important feature of using METRIC
Forthe s spngs P wtr o, | % ?ym - with Landsat data is that evapotranspiration is computed for each of Landsat’s 900 square-meter pixels,

DR used METRIC ET data & :
ettt e Exslom SckePlen : which enables evapotranspiration to be aggregated up to the level of individual fields where western water
oot o e oai & £ and water rights are actually managed.
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General Principle Monthly and Seasonal ET

METRIC (Mapping EvapoTranspiration at high Resolution with Internalized Calibration) is an Momtery st~ At . 1969 The 24-hour ET can be interpolated to cumulative
tool for computing evapotranspiration (ET) as a residual of the energy ET for monthly or seasonal periods, of for any
balance at the earth’s surface using the equation ET = Ry-G-H where ET is evapotranspira - § arbitrary period within a season. The ET,F for any
tion, R, is net radiation, G is sensible heat flux conducted into the ground, and H is sensible — given period is computed by Formula 1, where m
heat flix convected into the air, as illustrated by Figure 1. The fundamental principle : 2nd n are the starting and ending dates. oo Ao Dagieion
. - ’ underlying METRIC is that evaporating liquids absorb heat (Allen, et al., 2007 £
Initializing Distributed Hydrologic Models ying In":duc“og" Q « ) 3| respoctively. which are usually halfway between _ g Aql P
o FTEET.
1005 g st BB BT oot et ston vy oo ‘ L T
Support To developed in the Netherlands and applied worldwide by 5 3 ., : - i
st logy, sk s anspon.Cukck and accuste o oS S T b rded from _— 2 S T T ———
e e e SEBAL through integration with reference ET, which is computed e RS o S
using ground-based wealher data as recorded by the U.S. Bureau | 1, | andsat overpass dates. The cumulative ET for the period is computed using Formula 2.
The SEBALIMETRIC approach was tested fr retievalof il sollmoisure G of Reciamation's AgriMet stations. METRIC has been applied with | o, 300521 2verbase datos. The cumulaive B for o period is computed ueing e
condons i the 3000 k2 Kiniukwe Watershed n noia o geneate kit Landsat Images in southem ldaho and other westam staics to illustrated by Figure 4. The spline function is a numerical interpolation and smoothing
soil for the simuiaton of by two fousi moimaieces | predict 24-hour, monthly, and seasonal ET for a variety of -
storms in the summer of 2002, s applications as described in the applications section. METRIC is a [ e— procedure applied independently to each Landsat pixel.
These il soil mosture robust model, and does not use crop type as an input. METRIC's output is actual, not : The principle underlying the interpolation is the same
g ea potential, ET. METRIC also computes ET for bare soil before planting and after harvest : asis used in constructing crop coefficient curves. The
fSbuons ostedin 3 Smoothed ET,F curve mimics the continuous change or
oy ke of Internal Calibration development in vegetation over time. With METRIC. a
" ) , basic assumption is that the ET surface over the entire
METRIC uses two anchor conditions from within an image to fix boundary conditions for the TE 5§ 5 & | areact nierest changes in propertion to the change in
misture intializations that energy balance and to intenally calibrate the sensible heat computation, which eliminates the A o fmom® 5 | ETF and to the change in ET. ot the AgriMet weather
o Qasrit mooe Fira| | oed for n-dapth aimospheric corroction of temperature or sibedo. The intemal calloration et Ao i o g €17 s | Station being used 1o calculato ET,. METRIC calculates
S oA mole. P reduces impacts of any biases in estimation of aerodynamic stability correction or surface R BT, using the ASCE Standardized Penman-Monteith
o ] e e e roughness. The calibration is done by manually selecting a hot and a cold pixel to define the catstion
Wm0 B BIRIS| butons duing and afler the range of vertical temperature gradients (4T) above the ground surface. The cold condition is Accuracy
Tie pous) T o) | o mor seatiscaly: typically a well-irmigated alfalfa field where ET= ET, (reference ET). The hot condition is
typically a dry, bare agricultural field where ET=0. Once surface temperature ,T,, and dT are. Energy-balance ET models have proven to be
robust tools for computing and mapping ET.
Bastiaanssen, et al. (2007) summarize the results of
19 studies that include verification of results from | = = .
24-Hour ET METRIC and/or SEBAL. The 19 studies have an @ . - " [
METRIC computes 24-hour ET from the essentially | guse of ruascon By 1me oo roen for 0.
instantaneous ET calouated at o tme of the | indviual datcs tend t0 bo highor tna for seasonal
ET/F is the ratio of ET to ET,, which is alfalfa ET. as llustrated by Figure 5 Toh T
reference ET. ET, is essentially the same as the =
well-known crop coefficient, K... The assumption of | References Cra
constant ET,F during a day captures impacts of e
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s asvnons, ) or s ) computed for the hot and cold conditions, the relationship dT = b + aT, is defined, as

illustrated by Figure 2
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Using METRIC to Calibrate Smaller-Scale North Platte Water Decree Mapping Soil Moisture at . Water Rights Buy-Back

Evapotranspiration Models ) High Resolution for IED Detection Compliance Assessment e

Judgr

iver Improvised explosive devices (IEDs) are the major cause of U.S. and NATO avortod
Wyoming, and Nebraska. me Audgmenl requires research on esilm:nng troops casualties in Afghanistan. The US Army Corps of Engineers (USA-COE) 2000 2006

Tang, etal in Wyoming’s North Plat is expending considerable effort to develop effective IED sensors. USA-COE's T 7 =
using a variation of the standard, reak-time ET algoritm for MODIS data. Basin. Wyoming had traditonally estimated annualconsums e Countermine Simulation Testbed produces realistic syntheic images that match 9 o
roen MODI use using reference ET, 3 images both in resolution and complexity. The purpose of this ¢ used, ot the otal diverson.
surtace resistance-based ET aigoritims and produced ET on a 1 km grid study is to develop a method for meter scale soil moisture retrieval for the
Output from the MODIS model was compared with ground ”“‘ e In 2008, the North Platt Decree Committee contracted with Riverside Simulation Testbed at sites where no ground measurements are available.

timate andsat Technology, Inc. for Landsat-based maps of monthly and growing-season New Mexico Tech and the USA-COE used QuickBird images (2.7 m pixels) to
aavz o comparson was done v irigated areas of the Klamam Rver METRIC, IETRIC limitations in downscale the 30 m soil moisture map made using the METRIC/SEBAL method it
Basi instantaneous ET 10% it insufic from Landsat (Figure 1) to a map at 2.7 m pixels (Figure 2). The USACOE st
and iy ET biosos were s thn 15%. knvwledqe of z) dte , 3) the using the SEBALIMETRIC approach for relrieval of soil moisture

) acres distributions at 30 m resolution followed by downscaling with QuickBird images.

WETRIC avoids thess itaions by using a suface oergy baince 10 2.7 m resolution s a promising approach for obtaining high resolution soil
approach to computing evapotranspiration. METRIC is also able to masture information in denied areas.
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The Bell Rapids Irrgation Project irigated 25,000 acres of cropland
using high-{ift pumps to lft water 200 meters from the Snake River.
The state purchased the water rights in 2005 for $24.3 million. The
Bureau of Reclamation leases the water from the state to increase
‘Sptil istrbuton of daly ET by the MODIS based model of Tang et l. o " % o S8 | | flows for salmon recovery and the state uses the lease payments to
; e 5 » SR pay back state funds.

28,200 Tang ol r ¥
2009) WL METRIC ET images for the irrigation seasons of 2000 and 2006 show dacsions bout e wa use fpuble money

the large change in water use (ET) before
and after the water rights buyout
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